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Fourier-transform theorems 



Property Mathematical description 



1. 


Linearity 


a gl (t) + bg 2 (t) ^ aG 1 (f) + bG 2 (f) 

winter** /~t inn ht irp r*/™\fi etdfitc 1 


2. 


Dilation 


g(at) ^ 7—,G\£) where a is a constant 

\a\ \aJ 


3. 


Duality 


lfg(t) ^ G(f), 
then G(f) ^ g(-f) 


4. 


Time shifting 


g(t-t 0 ) ^ G(/)expH27l/f 0 ) 


5. 


Frequency shifting 


g(t) &q?(-)2nf 0 t) ^ G(f-f 0 ) 


6. 


Area under g(t) 


j g(t)At = G(0) 


7. 


Area under G(f) 


g(0) = j G(/)d/ 


8. 


Differentiation in the time domain 


^ f g(0 ^ j27t/G(/) 


9. 


Integration in the time domain 


/ g(r)dr^ J- G (f) + %®*f) 


10. 


Conjugate functions 


Ifg(f) ^ G(/), 
then g*(?) ^ G*(-i) 


11. 


Multiplication in the time domain 


gl (0g 2 (0 - j G^G^-^ 


12. 


Convolution in the time domain 


/ gl (^g 2 (?-T)dT ^ G l (f)G 2 (f) 


13. 


Correlation theorem 


f g,{t)g* 2 {t-r)AT ^ G^Glif) 


1 4. Rayleigh's energy theorem 


f \g(t)\ 2 dt = |°° |G(/)| 2 d/ 


15. 


Parseval's power theorem for 
periodic signal of period T 0 


U T ° /2 |g(0| 2 df = £ |G(f„)| 2 , /„ = n/T Q 
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i 2.2 Fourier-transform pairs and commonly used time functions 



Time function 


Fourier transform 


Definitions 


1. 




««*(!) 


TsincC/T) 


Unit step function: 


2. 




sinc(2W0 


1 f f 
— rect — 1 — 
2W \2WfJ 


u(t) = < 


1, r>0 

1. . = « 




exp(-af)w(f), a>0 


1 

a+j27t/ 




0, r<0 


4. 


exp(-a|?|), a>0 


2a 

_1_ fO-n-A^ 

a + (^Ji/j 


Dirac delta function: 
S(t) = 0 for / and 


5. 


exp(-7tr ) 


exp(-?c/) 


j <?(r)dr 

—00 


= 1 


6. 




\t\<T 


T sine 2 (/T) 


Rectang 


ular function: 






0, \t\ > T 








2 2 










rect(/) = 




7. 


8{t) 


1 






0, otherwise 


8. 


1 


Sif) 


Signum function: 


9. 


S{t-t Q ) 


exp(-j27i/f 0 ) 






+ 1, t>0 










sgn(0 = 




0, t = 0 


10. 




exp(j27t/ c 0 


<V-/ C ) 






-1, t<0 


11. 




cos(2jt/ c ?) 


r cv t _£■ \ . c*/ j™ , _£■ \ n 

2[^(/-/ c ) + ^(/+/ c )] 


Sine function: 








^(/-/ c )-^(f+/ c )] 


sinc(f) 




sin(7tf) 


12. 




sin(27t/ c r) 






13. 




sgn(f) 




Gaussian function: 
g(t) = exp(-7t/ 2 ) 


14. 


i 


-j sgn(/) 








15. 


"(0 


JW + ^-„ 
2 j27t/ 








16. 




00 

2 *-'T 0 ) 

= — cc 


fo y <Kf-nfo), fo = ^r 

1 0 

/l = -00 u 









